The light brown apple moth, Epiphyas postvittana, is a major insect pest of a variety of fruit crops grown in New Zealand and we are studying a nucleopolyhedrovirus, EppoNPV, isolated from this insect. 
Introduction
The light brown apple moth, Epiphyas postvittana Walker (Lepidoptera : Tortricidae), belongs to a complex of seven leafroller insect species in New Zealand. At least 265 host plant species have been identified for these pests including many fruit crops, hops and clovers (Thomas, 1989) . Four species within this complex, Planotortrix octo, P. excessana, Ctenopseustis obliquana and E. postvittana, are of major economic importance while the remaining three, P. notophaea, Ct. herana and Cnephasia jactatana, are of minor economic importance. Economic damage is caused by larvae constructing protective shelters of rolled leaves bound with silk, leading to webbing of leaves to fruit, thus causing calluses (Thomas, 1989) .
Control mechanisms need to target the early larval instars before construction of the protective shelters that cause crop damage. Chemical insecticides have been used frequently to minimize this damage and meet the strict requirements of overseas markets. Due to the development of resistance to some of the chemicals used to control leafrollers (Suckling et al., 1984) alternative methods are being investigated to control this pest complex. Integrated pest management (IPM) programmes, including the use of synthetic pyrethroids, Bacillus thuringiensis (Bt) toxin and pheromone trapping and mating disruption techniques (Suckling et al., 1990) , are being developed as adjuncts to the use of chemicals. A nucleopolyhedrovirus (NPV) isolated from E. postvittana, EppoNPV, is being investigated as a possible addition to IPM programmes.
We are undertaking a study into the use of EppoNPV for the control of leafrollers. MacCollum & Reed (1971) made an initial description of the immediate effects of EppoNPV on E. postvittana larvae. Recent studies into the structure of EppoNPV shows it to be a multiply embedded NPV (MNPV) (Colhoun, 1996) . Host range studies (confirmed by PCR) into the pathogenesis of EppoNPV for other members of the leafroller complex suggest EppoNPV may be a useful agent to control several of these pest species (Colhoun, 1996) . As a further step in the development of this virus we are attempting O. Hyink and others O. Hyink and others to map and characterize the genome of EppoNPV and to identify genes that might be involved in infectivity. Recent advances in the study of NPVs include the complete sequencing of the genomes of Autographa californica MNPV (AcMNPV) (Ayres et al., 1994) , Bombyx mori MNPV (BmMNPV) (GenBank : L33180) and Orgyia pseudotsugata MNPV (OpMNPV) (Ahrens et al., 1997) , providing a database of NPV sequences (GenBank). This database offers a resource for the rapid mapping of other NPV genomes and the identification of homologous genes. We have employed this database to map the genome of EppoNPV. The method used involved single-stranded sequencing of the termini of restriction fragments and comparison of the sequence obtained to sequences available in the GenBank database, allowing alignment of adjacent fragments. This paper also contributes the sequence of the polyhedrin gene (polh) encoded by EppoNPV and uses this for phylogenetic comparison of EppoNPV Polh with 23 other NPVs for which the Polh sequences are available.
Methods
Virus production and DNA purification. The EppoNPV used in this study had been isolated from E. postvittana in the mid-1970s and stored at k20 mC in 50 % glycerol (Carey & Longworth, 1992) . Virus stocks were increased by infecting 240 third-instar E. postvittana larvae (AgResearch, Mt Albert, Auckland), at a dose of 10' polyhedral inclusion bodies (PIBs) per larvae. Larvae were fed artificial general purpose diet (Singh, 1983) when required until death. PIB purification and subsequent viral DNA extraction were performed as described by O'Reilly et al. (1994) .
Restriction endonuclease (REN) analysis of EppoNPV DNA.
Restriction digests were performed using 5 µg of EppoNPV DNA and 20 units of HindIII, EcoRI or BamHI in a volume of 20 µl at 37 mC overnight and then electrophoresed in 0n5 and 1n5 % agarose gels for 4 h at 50 V. The sizes of the large EcoRI fragments were estimated by electrophoresis of digested EppoNPV DNA on a 0n4 % agarose gel, using λ DNA digested with the restriction enzymes XbaI, KpnI, Bsu36I or BglII as markers.
Cloning of the EppoNPV genome.
A library of HindIII fragments was generated in pBluescript II SK(j) (Stratagene). Plasmids were transformed into electrocompetent E. coli XL-1 Blue cells (Stratagene), and then plated onto LB agar containing 50 µg\ml ampicillin, 1 µmol IPTG and 1 mg X-Gal, for blue\white colour selection. Plasmids were purified using an alkaline lysis miniprep procedure and screened for the presence of inserts by HindIII digestion and electrophoresis in a 0n9 % agarose gel. Plasmids prepared by this method were used for all restriction endonuclease, cloning and sequencing studies. Plasmid clones were named according to the fragment of EppoNPV DNA inserted, e.g. pBluescript containing HindIII fragment A is pEPH-A. The plasmid pMT440 (Yazynin et al., 1996) was used to clone an incomplete library of EcoRI clones using the procedure described above.
Mapping of the EppoNPV genome. Mapping of the EppoNPV genome was achieved through sequencing the termini of cloned DNA fragments and then using this information to link together restriction fragments. Plasmid clones were sequenced at the Centre for Gene Research, University of Otago, using an ABI 373 automated sequencer employing universal forward and reverse primers for the pBluescript clones, and specific primers (Bar forward 5h TCAACACGTTTGACG-GGGTTGC 3h and Bar reverse 5h CCCTGTTTGAGAAGATGTCTCC 3h) for the pMT440 clones. Sequence chromatograms were edited using SeqEd version 1.03 (ABI). Sequence information was transferred to the LaserGene suite of DNA analysis programs (DNAStar) and analysed for the presence of open reading frames (ORFs) using the Editseq and Mapdraw applications of DNAStar. All potential ORFs were translated and identified by similarity to genes in the GenBank database. Similarity searches were performed using the BLAST algorithm (Altschul et al., 1990) . Filtering was removed for database searches of ORFs not showing similarities to genes in the initial BLAST search.
The restriction map of EppoNPV was confirmed by restriction analysis, Southern blotting and PCR. All HindIII clones were digested with EcoRI and all available EcoRI clones were digested with HindIII to map any sites not placed from sequencing analysis. All HindIII clones were also digested with BamHI and electrophoresed on a 0n9 % agarose gel to locate all the BamHI sites present on the EppoNPV genome. These sites were then placed on the HindIII\EcoRI map of EppoNPV and the sizes of BamHI fragments determined. These fragment sizes were then compared to BamHI fragment sizes from restriction analysis of the EppoNPV genome.
In addition, Southern blotting was performed to confirm two points on the restriction map. EppoNPV DNA was digested with HindIII, EcoRI or BamHI and electrophoresed on a 0n75 % agarose gel. The DNA was transferred to a Hybond-N membrane (Amersham) by Southern blotting and UV-fixed onto the membrane. The membrane was probed with pEPH-S (HindIII-S) labelled with [$#P]dCTP (Amersham) using the High Prime labelling kit (Boehringer Mannheim) and exposed to a film overnight. This probe was stripped from the membrane using boiling 0n5 % SDS washes and the membrane was re-probed as described above using pEPH-O (HindIII-O).
PCR was also used for confirmation of specific regions of the map. Primers specific for sequences on HindIII-O and HindIII P (primer HO 5h TGGCCGACGCAAATATGTAACTT 3h and primer HP 5h GCTTG-AGACATTGCGCTAAACCT 3h) were designed to amplify the region of the genome between these two fragments. The Expand PCR amplification kit (Boehringer Mannheim) was used as per the manufacturer's instructions. One cycle of 3 min at 92 mC was followed by 30 cycles of 30 s at 55 mC, 60 s at 72 mC, 30 s at 92 mC. The amplification was completed with a cycle of 60 s at 55 mC and 5 min at 72 mC. The PCR product was purified using the QIAquick PCR purification kit (QIAGEN) and digested with HindIII to map HindIII sites. A second pair of degenerate primers (gp37 upper 5h CGRCRGCGCAATACATGTTTCA 3h, and gp37 lower 5h CGAGGTCGGCGCAATTGTARAANC 3h) were designed to amplify a 400 bp region of the gp37 gene from pEPH-H (HindIII-H), using the PCR protocol described above. The primers were designed from a consensus sequence of six NPV gp37 genes and four homologues of this gene from different entomopoxviruses obtained from GenBank.
Isolation and analysis of the EppoNPV polh : PCR primers (polF 5h GACCCGGCAAAAACCAAAAACTNAC 3h and polR 5h GATGGGCTTGTAGAAGTTCTCCCANAT 3h) were designed to amplify a region of NPV polyhedrin genes corresponding to base pairs 184-620 of the coding region of the AcMNPV polh gene (Hooft van Iddekinge et al., 1983) . The primers were designed using the Primer Select application of the LaserGene suite of DNA analysis programs from a consensus sequence of 15 different NPV polh sequences obtained from GenBank. The Expand High Fidelity PCR System was used to amplify regions from the genomes of AcMNPV and EppoNPV. The programme
CIFE

Mapping of EppoNPV
Mapping of EppoNPV used for the amplification had an initial cycle of 92 mC for 3 min, 56 mC for 3 min and 72 mC for 3 min. This was followed by 28 cycles at 92 mC for 1 min, 56 mC for 1 min and 72 mC for 1 min, and a final cycle at 92 mC for 2 min, 56 mC for 2 min and 72 mC for 2 min. The PCR products were analysed by agarose gel electrophoresis and sequencing.
EppoNPV DNA was digested with BamHI, EcoRI or HindIII and electrophoresed on a 0n75 % agarose gel. The DNA was transferred onto a Hybond-N membrane by capillary blotting. The EppoNPV PCR product was labelled using the High Prime labelling kit -with [$#P]dCTP -and used to probe the membrane according to the manufacturer's instructions. The EcoRI fragment containing polh was gel-purified using the QIAquick gel extraction kit and ligated into EcoRI-digested pUC19 using T4 DNA ligase. This clone was used for all further analysis of the EppoNPV polh gene. Specific primers were designed to sequence both strands of the polh gene (Pol-upstr 5h AGTGATTGGCTGTTATTGTAG 3h, tgtte 5h GATAGCTTCCCCATTGTAAACGAT 3h, tgtts 5h TGG-GGCACGTAATCGCAATCC 3h, and pol-downstr 5h ACAAGCCGG-AAGCACAGTCATT 3h). Available Polh sequences from the GenBank database were aligned with the Clustal V algorithm (Higgins & Sharp, 1988) in the Megalign application of DNAStar. The phylogeny was determined using PHYLIP (Felsenstein, 1995) . Phylogeny trees were constructed in FITCH using a random input order and global rearrangements. The reliability of the phylogeny was estimated by BOOTSTRAP analysis using 500 data sets. CONSENSE was used to calculate a consensus tree from the bootstrap analysis. The Pieris brassicae GV granulin sequence was used as an outgroup to estimate the position of the tree root.
Results
REN analysis of EppoNPV DNA
EppoNPV DNA was purified at a concentration of 2 µg\µl of which 5 µg was digested with HindIII, EcoRI or BamHI and electrophoresed on 0n5 % (Fig. 1 ) and 1n5 % agarose gels. Table  1 shows the estimated sizes of the EppoNPV DNA restriction fragments with EcoRI fragments A and B being estimated at 28 and 18n8 kbp respectively. A total of 28 HindIII, 15 EcoRI and 11 BamHI fragments was identified and, using the predicted fragment sizes, the genome of EppoNPV was estimated to be 119 kbp. Fig. 1 . The size of the genome as estimated by the sums of the restriction fragments is shown at the bottom of each column.
Restriction Restriction endonuclease fragment
HindIll EcoRI BamHI A 1 5 n 2 2 8 n 0 4 9 n 6 B 1 0 n 0 1 8 n 8 2 1 n 4 C 9 n 0 1 1 n 9 1 3 n 4 D 8 n 8 1 0 n 0 8 n 0 E 8 n 2 8 n 6 6 n 0 F 7 n 1 8 n 1 5 n 7 G 6 n 1 7 n 0 5 n 1 H 5 n 7 6 n 0 4 n 0 I 5 n 7 5 n 8 2 n 8 J 4 n 9 4 n 8 1 n 8 (Fig. 2) . ‡ The OpMNPV ORF showing similarity to an EppoNPV ORF and, where available, the common name of the OpMNPV ORF. An asterisk indicates that there was insufficient sequence information available to achieve a positive match using the BLAST algorithm. Direct sequence comparison with the C or N terminus of the named ORF was used to confirm the identity of the sequence. Terminus 2 of HindIII-I showed similarity to hr sequences in the GenBank database and terminus 1 of HindIII-C contained a unique 28 bp repeated sequence (UR) which showed no homology to any GenBank database sequence.
§ The degree of similarity as predicted by the BLAST algorithm where zero is a perfect match and one is no discernible match. R The region over which the EppoNPV ORF identified showed similarity to the named OpMNPV gene. ¶ Percentage identity and similarity between the EppoNPV ORF and OpMNPV gene over the stated region.
Cloning and mapping of the EppoNPV genome
A complete library of 28 HindIII fragments has been cloned into pBluescript II SK(j) and an incomplete library of 11 EcoRI fragments was cloned in pMT440. The four EcoRI fragments that were not cloned were fragments A, B, E and F. The termini of all HindIII fragments and the 11 cloned EcoRI fragments were sequenced. Sequence information was compared to the GenBank database and the similarities identified allowed a map of the EppoNPV genome to be constructed. Table 2 summarizes the sequence information from the termini of HindIII fragments, showing similarities of ORFs and the BLAST probabilities identifying these similarities. Of the 28 HindIII sites 23 fell within ORFs showing similarity to genes from other baculoviruses, allowing adjacent HindIII fragments to be mapped together. The remaining five HindIII sites fell between ORF coding regions and thus could not be mapped to adjacent fragments through sequence information. Two of these remaining sites were mapped by digestion of available EcoRI fragments with HindIII. The remaining three junctions were assumed to be correct because the opposite ends of the fragments were placed on the restriction map and the ORFs on either side of the junctions showed similarity to adjacent ORFs from OpMNPV. All 15 EcoRI sites were located when HindIII clones were digested with HindIII and EcoRI. Based on the positions of these EcoRI sites, the sizes of the EcoRI fragments were estimated from the map and compared to the fragment sizes shown in Table 1 . These sizes were similar, confirming the HindIII map of the EppoNPV genome. Terminal sequence information from the 11 cloned EcoRI fragments is summarized in Table 3 and this provides further confirmation for most of these site positions. Three sequence regions identified during the mapping project showed similarity to homologous repeat regions (hrs) from other NPVs. A fourth sequence region at one terminus of HindIII-C had no major ORFs in any of the reading frames. Analysis of this sequence showed a 28 bp repeated sequence (data not shown) with no homology to database sequences. This repeat region is located upstream of the gp64 homologue.
Confirmation of the restriction map
Since the restriction map was obtained by use of sequence similarity and restriction analysis alone, it was confirmed by further restriction analysis, Southern blotting and PCR.
Digestion of all HindIII fragments with BamHI allowed all 11 BamHI sites to be mapped. When the BamHI sites were placed on the physical map the fragment sizes predicted Table 2 . ‡ The OpMNPV ORF showing similarity to an EppoNPV ORF and, where available, the common name of the OpMNPV ORF. An asterisk indicates that there was insufficient sequence information available to achieve a positive match using the BLAST algorithm. A 3 kb EcoRI-HindIII fragment was cloned for sequencing of the EppoNPV EGT homologue, providing terminal sequence information for one end of EcoRI-F. Three EcoRI fragment termini showed similarity to hr sequences in the GenBank database.
corresponded to the sizes generated by BamHI digestion of EppoNPV DNA (Table 1) .
Southern blot analysis was performed using selected clones to target the ends of EcoRI fragments A and B, which were not subjected to terminal sequence analysis. An agarose gel with HindIII, EcoRI or BamHI digests of EppoNPV DNA was Southern blotted and probed with pEPH-S and pEPH-O. Clone pEPH-S reacted with HindIII-S, EcoRI fragments A and B, and BamHI-A while pEPH-O reacted with HindIII-O, EcoRI fragments A, K and N, and BamHI-A (data not shown). These results confirm the placement of the largest EcoRI and BamHI fragments on the REN map.
A pair of PCR primers matching sequences at the termini of HindIII-P and HindIII-O was used to amplify the region between these fragments. When the product was digested with HindIII and electrophoresed in a 1n2 % agarose gel, fragments sized 0n75 and 0n5 kb resulted, confirming the placement of HindIII fragments Y and Z between HindIII-O and HindIII-P. EcoRI fragment (EcoRI-L) containing the polyhedrin gene was taken as the zero point of the map, with the polyhedrin gene facing in reverse orientation to facilitate alignment with the OpMNPV functional map. Also illustrated in Fig. 2 is a linear comparison of the OpMNPV genome with the identified ORFs and repeat regions from EppoNPV.
From the map generated (Fig. 2) predictions were made to locate other NPV gene homologues, based upon the similarity of the genome structure of EppoNPV to that of OpMNPV. A pair of degenerate primers was designed to amplify 400 bp from the coding region of the gp37 gene from baculoviruses, which was predicted to be encoded on pEPH-H. A PCR using these primers, and pEPH-H as a template, produced a DNA fragment of approximately 400 bp. This was sequenced and showed homology to gp37 genes from other baculoviruses (data not shown).
Identification, sequencing and analysis of EppoNPV polh
The primers polF and polR amplified a DNA fragment of 430 bp from EppoNPV genomes. Sequencing of the PCR product and comparison to GenBank sequences showed that the product encoded part of the polh gene. Southern blot CIFJ O. Hyink and others O. Hyink and others Fig. 3 . Phylogenic tree of NPV polyhedrin sequences. A phylogenic tree based on the amino acid sequences of the polyhedrin genes available in the GenBank database. The division of group I and group II NPVs is indicated and the position of EppoNPV is highlighted. Numbers indicate Bootstrap scores converted into a percentage (e.g. a score of 75n2 % indicates all sequences right of this number were placed right of that number in 75n2 % of the datasets). NPV polyhedrin sequences were obtained from GenBank (accession numbers : Anagrapha falcifera NPV (AnfaNPV) U64896 (Federici & Hice, 1997) , Anticarsia gemmatalis MNPV (AgMNPV) JQ1607, Archips cerasivoranus NPV (ArceNPV) U40834, Attacus ricini NPV (AtriNPV) S68462 (J. , Autographa californica MNPV (AcMNPV) K01149 (Hooft van Iddekinge et al., 1983) , Bombyx mori MNPV (BmMNPV) M10043 (Iatrou et al., 1985) , Buzura suppressaria NPV (BusuNPV) X70844 (Z. H. , Ecotropis obliqua NPV EcobNPV U95014, EppoNPV AF061578, Helicoverpa zea (HzSNPV) Z12117 (Cowan et al., 1994) , Hyphantria cunea (HycuNPV) D14573, Leucania separata NPV (LeseNPV) U30302, Lymantria dispar MNPV (LdMNPV) M23176 (Smith et al., 1988) , Malacosoma neustria NPV (ManeNPV) X55658, Mamestra configurata NPV (MacoNPV) U59461 (Li et al., 1997) , Mamestra brassicae MNPV (MbMNPV) M20927 , OpMNPV M14885 (Leisy et al., 1986) , Orgyia pseudotsugata SNPV (OpSNPV) M32433, Panolis flammea NPV (PaflNPV) D00437 (Oakey et al., 1989) , Perina nuda NPV (PenuNPV) U22824 (Chou et al., 1996) , Pieris brassicae GV (PbGV), P06502 (Chakerian et al., 1985) , Spodoptera exigua NPV (SeMNPV) X67243 (van Strien et al., 1992) , Spodoptera littoralis NPV (SpliNPV) D01017 (Croizier & Croizier, 1994) , Spodoptera litura NPV (SpltNPV) X94437, Wiseana signata NPV (WisiNPV) AF016916).
analysis of EppoNPV DNA restriction digests using the PCR product as a probe showed positive reactions with HindIII-E, EcoRI-L and BamHI-E. EcoRI-L was cloned into pUC19 and the polh gene was fully sequenced (GenBank : AF061578). Terminal sequence analysis placed the 3h end of the polh gene from the adjacent EcoRI site. The sequence contained a 738 bp ORF encoding a protein of predicted size 28n8 kDa. The upstream sequence contained a region matching the conserved 12 bp consensus promoter sequence, AATAAGTAATTT, typical of NPV very late genes (Lu & Miller, 1997) . Two genes flanking the polyhedrin gene showed similarity to orf4 and the 1629-capsid gene from OpMNPV, which also flank the polyhedrin gene in this virus. A phylogenetic tree was generated from the amino acid sequences of 24 NPV polyhedrin genes (Fig. 3) using the sequence of the granulin gene from Pieris brassicae granulovirus (PbGV) (Chakerian et al., 1985) as an outgroup. This shows that EppoNPV is a group I NPV and sits in a group of closely related NPVs including OpMNPV.
Discussion
The size of the EppoNPV genome was estimated at 119 kbp and the genome has been completely cloned. Previous studies estimated the size of the EppoNPV genome at approximately 90 kbp by electron microscopy (Burgess, 1977) , and approximately 125 kbp by analysis of the EcoRI restriction profile of EppoNPV DNA (Burgess, 1983) ; the latter author suggested that the discrepancy in sizes was due to a partial EcoRI digest. Our EcoRI profile is similar to that of Burgess with no evidence of partial digestion. The size of the genome as predicted by BamHI and HindIII digestion also correlates with the size estimated by EcoRI digestion. Our results therefore favour the EcoRI restriction profile estimation as the more accurate size prediction of the EppoNPV genome. The genomes of AcMNPV, BmMNPV and OpMNPV are all between 9 and 15 kbp larger than the EppoNPV genome (Ahrens et al., 1997) with average gene size of approximately 850 bp. This suggests that EppoNPV encodes 10-20 fewer genes than AcMNPV, BmMNPV and OpMNPV. EppoNPV is the smallest NPV characterized to date, raising the possibility of it being a minimal NPV genome. Complete sequencing of most of the EppoNPV genome would be required to identify which genes encoded by OpMNPV are not encoded by EppoNPV.
The production of a restriction map of EppoNPV was achieved using the available database of NPV sequences in GenBank. Sequences at the termini of restriction fragments could be compared for similarity to genes in the database. Many restriction sites fall within gene coding sequences allowing adjacent restriction fragments to be mapped together through sequence identity to the same gene. Thus, the database provides a powerful tool for the mapping of related viruses. EppoNPV is closely related to OpMNPV, which aided this mapping process. AcMNPV, BmMNPV and OpMNPV are all group I NPVs making mapping using sequence information from the ends of REN fragments a simple, informative method of mapping the genomes of other group I NPVs. The group II NPVs are more divergent than group I NPVs and much less sequence information is available from group II species which may make this mapping procedure less effective for group II NPVs.
A major advantage of this mapping strategy over traditional mapping strategies is that it provides a large amount of information concerning possible genes encoded by a genome. Terminal sequencing of the EppoNPV HindIII and the EcoRI clones identified 55 ORFs showing close similarity to genes from other NPVs. Since the identification of all these potential genes, complete sequencing and characterization of several of them has been carried out. HindIII-T has been fully sequenced and encodes a gene similar to iap-2 (GenBank : AF037358). Genes similar to the egt (GenBank : AF052502) and gp64 (GenBank : AF061579) genes from other NPVs have similarly been fully sequenced and the sizes of these genes are all similar to their homologues in OpMNPV. Further evidence that this mapping strategy produced an accurate map was obtained through the accurate prediction of the location of gp37. From the linear comparison with the OpMNPV genome (Fig. 2) , gp37 was predicted to be encoded on HindIII-H and subsequent analysis confirmed this. The very close resemblance of the EppoNPV genome to the OpMNPV genome allows accurate predictions of genes encoded by EppoNPV and where they occur on the genome.
Three sequence regions also showed homology to hrs from other NPVs. Hrs have been shown to act as enhancer elements of early gene transcription and can function as origins of DNA replication in transient replication assays (Kool et al., 1995) . A fourth sequence region consisted of a 28 bp repeated sequence (data not shown) not showing any similarity to database sequences. This repeat region is located upstream of the gp-64 homologue. The upstream sequence of the gp64 gene of OpMNPV contains a G-T-rich repeat of unknown function (Ahrens et al., 1997) . The identical location of these different repeats suggests the two may have similar functions in the two different viruses. No such repeat has been located upstream of the gp64 gene in AcMNPV or BmMNPV.
The polyhedrin gene is highly conserved between NPVs and has been characterized from many NPVs, making it the preferred choice for phylogeny studies. Phylogenetic analysis of Polh from different NPVs separates NPVs into two distinct groups (Zanotto et al., 1993) . Bootstrap analysis using 500 replicates and the protdist function of PHYLIP predicts that EppoNPV is a group I NPV clustered in a closely related group of viruses also including OpMNPV. Federici & Hice (1997) highlighted the dangers of using just the Polh sequence for phylogenetic studies. They characterized eight genes from Anagrapha falcifera (Anfa)NPV and studied the similarity of these to their counterparts in AcMNPV. Of the eight genes characterized, Polh was the least conserved, suggesting that AnfaNPV and AcMNPV are more distantly related by Polh phylogeny than in reality. Our homology searches of the GenBank database with the sequence information generated from EppoNPV restriction fragments consistently showed closest homology to genes from OpMNPV, and Choristoneura fumiferana MNPV (CfMNPV) where sequence was available, providing strong support for the placement of EppoNPV on the phylogenetic tree. The strong similarity of different NPVs is not necessarily reflected by a close relatedness of their respective host species. Taxonomy of lepidopteran insects show that O. pseudotsugata (family : Lymantriidae) and E. postvittana (family : Tortricidae) are only distantly related. EppoNPV also shows strong similarity to CfMNPV whose host also belongs to the family Tortricidae, showing that in this case the close similarity between the viruses is mirrored by a close relatedness of their respective insect hosts.
The improvement of EppoNPV for a successful introduction into IPM programmes for leafroller control requires detailed knowledge of the molecular biology of this virus. This study sets the foundation for this, making it possible to study more closely some of the genes potentially important in the host range and pathogenicity of EppoNPV.
